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(57) ABSTRACT 

A fast semi-automatic prostate contouring method is pro 
vided using model-based initialization and an ef?cient Dis 
crete Dynamic Contour (DDC) for boundary re?nement. 
The user initiates the process of the preferred embodiment 
by identifying four (4) points on the prostate boundary, 
thereby scaling and shaping a prostate model, and then the 
?nal prostate contour is re?ned With a DDC. The method of 
the present invention has particular application during the 
pre-implant planning phase of a brachytherapy procedure. 
HoWever, this method also has uses in any phase of dose 
planning in the brachytherapy procedure or any other thera 
papproach. 
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PROSTATE BOUNDARY SEGMENTATION FROM 
2D AND 3D ULTRASOUND IMAGES 

FIELD OF THE INVENTION 

[0001] This invention relates in general to medical imag 
ing systems, and more speci?cally to a method of prostate 
boundary segmentation from 2D and 3D ultrasound images. 

BACKGROUND OF THE INVENTION 

[0002] Prostate cancer is the most commonly diagnosed 
malignancy in men over the age of 50, and is found at 
autopsy in 30% of men at the age of 50, 40% at age 60, and 
almost 90% at age 90. WorldWide, it is the second leading 
cause of death due to cancer in men, accounting for betWeen 
2.1% and 15.2% of all cancer deaths. In Canada, about 
20,000 neW prostate cancer cases Will be diagnosed and 
about 4,000 men Will die from this disease every year. 

[0003] Symptoms due to carcinoma of the prostate are 
generally absent until extensive local groWth or metastases 
develop, accounting for the fact that only 65% of patients are 
diagnosed With locally con?ned disease. Once the tumour 
has extended beyond the prostate, the risk of metastasis 
increases dramatically. Tumours smaller than 1 to 1.5 cm3 
rarely broach the prostatic capsule. When diagnosed at this 
early stage, the disease is curable, and even at later stages 
treatment can be effective. Nevertheless, treatment options 
vary depending on the extent of the cancer, and prognosis 
Worsens When diagnosis occurs at an advanced stage. 

[0004] The challenges facing physicians managing 
patients With possible prostate cancer are to: (a) diagnose 
clinically relevant cancers at a stage When they are curable, 
(b) stage and grade the disease accurately, (c) apply the 
appropriate therapy accurately to optimiZe destruction of 
cancer cells While preserving adjacent normal tissues, (d) 
folloW patients to assess side effects and the effectiveness of 
the therapy. 

[0005] US. Pat. Nos. 5,562,095, 5,454,371 and 5,842,473 
focused on challenges (a) and These patents describe a 
3D ultrasound imaging technique for the diagnosis of pros 
tate cancer. Extension of these concepts for prostate cryo 
surgery are described in commonly assigned US. patent 
application Ser. No. 60/321,049, the contents of Which are 
incorporated herein by reference. In further commonly 
assigned co-pending application Ser. No. , entitled 

a 3D ultrasound-guided intra-operative brachy 
therapy system is described. An important aspect in the 
establishment of the appropriate prostate therapy is the 
accurate segmentation (i.e., extraction) of the prostate 
boundary and other anatomical structures (rectal Wall, ure 
thra, bladder). Assignment of the appropriate therapy or dose 
to the prostate requires that the prostate volume be accu 
rately measured. 

[0006] In situations Where the image contrast is great (e.g., 
in ?uid ?lled regions in ultrasound images), the segmenta 
tion task is relatively easy and many approaches can be used. 
HoWever, ultrasound images of the prostate are very dif?cult 
to segment because the contrast is loW, and the image suffers 
from speckle, shadoWing and other artifacts. In performing 
ultrasound image segmentation, traditional local image pro 
cessing operators like edge detectors are inadequate in and 
of themselves for ?nding the boundary, due to speckle, 
shadoWing and other image artifacts. 
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[0007] The variability in prostate volume measurements 
using a conventional 2D technique is high, because current 
ultrasound volume measurement techniques assume an ide 
aliZed elliptical shape and use only simple measures of the 
Width in tWo vieWs (see Tong S, Cardinal H N, McLoughlin 
R F, DoWney D B, Fenster A, “Intra- and inter-observer 
variability and reliability of prostate volume measurement 
via 2D and 3D ultrasound imaging”, Ultrasound in Med & 
Biol 1998; 24:673-681, and Elliot T L, DoWney D B, Tong 
S, Mclean C A, Fenster A, “Accuracy of prostate volume 
measurements in vitro using three-dimensional ultrasound”, 
Acad Radiol 1996; 3:401-406). 

[0008] Manual contouring of sequential cross-sectional 
2D CT or TRUS (transrectal ultrasound) prostate images has 
reduced this variability, but this approach is time-consuming 
and arduous, making it impractical during an intra-operative 
procedure. 

[0009] Region-based neural net approaches require exten 
sive teaching sets, are sloW, and make addition of user 
speci?ed boundary information dif?cult. Contour-based 
methods, such as “snakes” implementation of active con 
tours are sloW, complex, and sensitive to the initial choice of 
contour. 

SUMMARY OF THE INVENTION 

[0010] According to the present invention, a fast semi 
automatic prostate contouring method is provided using 
model-based initialiZation and an efficient Discrete Dynamic 
Contour (DDC) for boundary re?nement. The user initiates 
the process of the preferred embodiment by identifying four 
(4) points on the prostate boundary, thereby scaling and 
shaping a prostate model, and then the ?nal prostate contour 
is re?ned With a DDC. 

[0011] The method of the present invention can encom 
pass a 2D segmentation technique or alternatively extend to 
the segmentation of objects in 3D. 

[0012] The method of the present invention has particular 
application during the pre-implant planning phase of a 
brachytherapy procedure. HoWever, this method also has 
uses in any phase of dose planning in the brachytherapy 
procedure or any other therapy approach. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Various embodiments of the present invention are 
described beloW With reference to the draWings in Which: 

[0014] FIG. 1 shoWs a prior art segmentation technique 
using DDC, Wherein FIG. 1(a) shoWs an initial DDC draWn 
by the user, FIG. 1(b) shoWs the early stage of deformation, 
FIG. 1(a) shows the later stage of deformation, and FIG. 
1(a) shoWs the ?nal deformed DDC. 

[0015] FIG. 2 shoWs an example of con?guration of the 
prior art DDC. 

[0016] FIG. 3 shoWs forces as vector quantities having 
both direction and magnitude, for the con?guration of FIG. 
2. 

[0017] FIG. 4 shoWs image energy and force ?eld for a 
vertical edge of an ultrasound image, Wherein FIG. 4(a) 
shoWs the edge modeled as a step edge (i.e., an edge Wherein 
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there is a drastic transition in gray levels, FIG. 4(b) shows 
the energy ?eld associated With the edge, and FIG. 4(a) 
shows the image force ?eld. 

[0018] FIG. 5 is a representation of a curvature vector, 8i, 
as a measure of angle betWeen edges for (a) a large curva 
ture, and (b) a small curvature. 

[0019] FIG. 6 FloW chart shoWing implementation of the 
DDC deformation process utiliZed in the method of the 
present invention. 

[0020] FIG. 7 is a ?oWchart for the 2D segmentation 
algorithm according to the present invention. 

[0021] FIG. 8 shoWs the location of four user-selected 
points, labeled (1) to (4), on a prostate boundary, according 
to the method of the present invention. 

[0022] FIG. 9 shoWs a ?rst example of operation of the 
prostate segmentation algorithm of the present invention 
Wherein FIG. 9(a) shoWs an initial outline With four user 
selected points, and FIG. 9(b) shoWs the ?nal segmented 
outline obtained after deforming the DDC. 

[0023] FIG. 10 shoWs the steps of segmentation and 
editing in a second example of operation of the present 
invention in Which portions of the DDC do not folloW the 
prostate boundary very Well, Wherein FIG. 10(a) shoWs an 
initial outline With four user-selected points, FIG. 10(b) 
shoWs the DDC after a ?rst deformation, FIG. 10(c) shoWs 
three vertices (shoWn as squares) Which are edited and 
clamped, folloWed by further deformation of the DDC, and 
FIG. 10(a) shoWs the outline after second deformation. 

[0024] FIG. 11 shoWs the segmentation of a “dif?cult” 
case according to the present invention, Wherein FIG. 11(a) 
shoWs the initial outline With four user-selected points, FIG. 
11(b) shoWs the DDC after ?rst deformation, FIG. 11(c) 
shoWs ?ve vertices (shoWn as squares) edited and clamped, 
and folloWed by a further deformation of the DDC, and FIG. 
11(a) shoWs the outline after second deformation. 

[0025] FIG. 12 shoWs a schematic diagram shoWing hoW 
the method to select sequences of 2D images out of the 3D 
volume to be used for the segmentation. 

[0026] FIG. 13 shoWs a sequence of 2D images of the 
prostate segmented using the semi-automatic segmentation 
procedure extended to 3D. The images are parallel to each 
other separated by 1 mm. Image no. 15 Was used to initiate 
the process by the semi-automatic 2D segmentation tech 
nique. Subsequent to the segmentation of that 2D image, the 
?nal boundary Was used to initiate the segmentation of the 
next image. 

[0027] This process Was repeated until the complete pros 
tate Was segmented. 

DETAILED DESCRIPTION OF THE PRIOR ART 
AND OF THE PREFERRED EMBODIMENT 

[0028] As discussed above, DDC is a poly-line (i.e., a 
sequence of points connected by straight-line segments) 
used to deform a contour to ?t features in an image. When 
using the DDC to segment an object from an image as 
originally described by Lobregt and Viergever in “A discrete 
dynamic contour model”, IEEE Trans. Med. Imag. 1995; 
14:12-24, the user must ?rst draW an approximate outline of 
the object. An example outline is shoWn in FIG. 1(a) for a 
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typical 2D US (ultrasound) image of the prostate. The DDC 
is initialiZed to this outline and is automatically deformed to 
?t features of interest, Which in this case consist of edges that 
de?ne the boundary of the prostate. FIGS. 1(b) and 1(c) 
shoW tWo stages in the deformation of the DDC. Note that 
points are automatically added to or deleted from the DDC 
as it deforms to alloW it to better conform to the boundary. 
FIG. 1(a) shoWs the ?nal deformed DDC. In this example, 
the ?nal shape conforms Well to the prostate boundary 
except in some areas Where artifacts and noise in the image 
cause parts of the DDC to deform toWards them and aWay 
from the prostate boundary. 

[0029] The con?guration of the DDC is shoWn in FIG. 2. 
As illustrated, the unit edge vector di points from vertex i to 
vertex i+1. A local tangential unit vector, ti, is 

[0030] de?ned at vertex i from the tWo edge vectors 
associated With the vertex: 

[0031] Where denotes magnitude of a vector. A local 
radial unit vector ii can be computed from ti by rotating it 
by B/2 radians: 

[0032] ii and ti de?ne a local coordinate system attached 
to vertex i. 

A [ 0 1], (2) r; = 1;. 
-1 0 

[0033] The operation of the DDC is based on simple 

dynamics. A Weighted combination of internal (?t/?int), 

image iin‘a and damping id) forces is applied to each 
. . . P 

vertex 1 of the DDC, resulting in a total force fit“: 

[0034] Where Wiimg and Wiint are relative Weights for the 
image and internal forces, respectively. It should be noted 
that these forces are vector quantities, having both magni 
tude and direction as shoWn in FIG. 3. For the prostate, 
image forces act to drive vertices toWards the edges. These 
forces can be de?ned at each pixel of the 










